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Abstract 
The mesocosm technique was applied in studying of biological effects of suspend solid caused by dumping on 
mollusks. The results showed the high content of suspend solid will do harm to the construction mollusks. The 
mollusks show great capacity of accumulating of metal, and Pb is the preferred target. Argopecten irradirradians 
accumulated mainly Zn, Cu and Cd, Crassostrea virginica Cd, Cu and Zn, and Ruditapes philippinarum Zn, Cu and 
Cd, respectively. Marine dumping was positively correlated to the content of heavy metal in mollusks. 
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With rapid economic growth of exploitations of marine resources and the rapid development of 
oceanic economy, the amount of the dredged materials is also increasing rapidly. Previous studies had 
proved that dumping activities increase the concentration suspended matter in the water, and therefore 
cause negative effect to marine organism, such as reducing the ingestion rate of Cladocera [1], reducing 
the predation efficiency of fish [2-3]. In recent years, scholars have developed experiments for fish [4], 
zooplankton [5], phytoplankton [6], etc., in order to estimate the impact of the dredged materials on the 
halobios. However, current researches are mainly laboratory investigations, there are few outdoor 
experiments. Mesocosm experiment has been internationally recognized as an effective method to study 
the marine pollution, whose advantages are 1) the complexity is among the indoor experiment and 
outdoor experiment, 2) the experiment reach the ecological level, and is able to obtain abundant 
information, 3) the environmental condition of the field experiment gets close to the real condition, and is 
able to ensure the conclusions to naturally reflect the real condition. In this study, we use the mesocosm 
technique to study the biological effects of the suspend solid caused by the dumping materials on 
mollusks. 
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1.  Materials and methods 
1.1.  Experimental design 
We set six ecosystem bags (DS01, DS02, DS03, DS04, DS05, QS03) in this experiment. Each bag is 
made of polyethylene bag and steel frame, the height is 2 m, the diameter is 1m, and is filled with 1.4m3 
surface water (see Fig. 1). Dredged sediments in navigation channel were collected to simulate the 
dumping process, and were well-sealed and put in dry and cool conditions before experiment. The 
concentration of suspended materials of DS01, DS02, DS03, DS04 and DS05 were controlled at grades of 
4500, 1500, 500, 250 and 100 mg.L-1, QS03 was filled with only surface water, as a check test. 
The tested organism were shellfishes, they were transferred to the mesocosms after being raised outside 
the mesocosms for 48 h. An air compressor was operating during the entire experimental period, in order 
to ensure the water flow, supplemental oxygen and concentration of suspended materials. Meanwhile, we 
regularly feed the shellfishes and change the water. The baits were locally collected by phytoplankton 
trawl. The experiment was carried out during 10/10/2005-01/11/2005. 
 
 
Fig.1 Schematic view of mesocosm 
120   Lin Zheng et al. /  Procedia Environmental Sciences  16 ( 2012 )  118 – 124 
1.2. Materials 
The tested organism were Ruditapes philippinarum, Argopecten irradirradians and Crassostrea 
virginica, which were collected from a shellfish beds in the sea area. Dredged sediments were collected 
form navigation channel of Dalian harbour, and the contents of Hg, Cu, Pb, Cd, Zn, Oils and OC were 
0.043×10-6, 19.5×10-6, 25.06×10-6, 0.15×10-6, 26.46×10-6,411.82×10-6 and 1.14×10-6. 
1.3. Methods 
During the experimental period, DO, pH, TM, Chla, the concentration of the suspended materials, and 
heavy metals (Hg, Cu, Pb, Zn and Cd) and oils in shellfishes were monitored. Meanwhile, the growths of 
shellfishes were observed. Sample collection and chemical analysis methods follow ‘Marine Monitoring 
Standards (GB 17378-1998)’ of China.  After experiment, Argopecten were carried on biopsy. 
2. Results and discussion 
2.1. Effects of different concentrations of suspended materials on growth of shellfishes 
2.1.1. Growth situation of shellfishes 
During the experiment, shellfishes were slow-growing. At the beginning, the walve movements of 
Ruditapes philippinarum and Argopecten irradirradians were very frequent, while Crassostrea virginica 
was always closing. The pallium was lodging, and the pallial eye was gloomy, showing that the 
shellfishes were uncomfortable. The following days, the shellfishes become closing one after another, 
their shells were heavily attached. The pallium was very gloomy, the gill chamber and shell wall were 
heavily attached.  
The higher the concentration of the suspended materials, the higher the sediment attached degree. 
After experiment, some of the shellfishes were transferred into clean sea water, and soon afterwards 
resumed normal. The results showed that the higher the concentration of the suspended materials, the 
more abnormal of the behavior of the shellfishes. 
2.1.2 Histological section of Argopecten irradirradians 
According to our research findings, after exposed in the environment of high suspended materials 
concentration (4500 mg.L-1) for 20d, the survival rate of $UJRSHFWHQLUUDGLUUDGLDQV was 100%. 
Therefore, we observed the histotomy of gill and digestive diverticula of the $UJRSHFWHQ
LUUDGLUUDGLDQV, in order to understand the effects of different concentrations of suspended materials on 
the organization structure of shellfishes (see Fig.2-5). 
The figures show that the gill filament of the control group is complete, and the organization structure 
of digestive diverticula is normal, while the gill filament of the high concentration group is attached by a 
lot of dirt, the range of the gill filament is disorder, and the blood cells increase distinctly. Meanwhile, 
some pathological changes appear in the digestive diverticula, such as epithelial cell's atrophy, lacuna’s 
enlargement, and many particulate matters exist on the surface of the epithelial cell. The results indicate 
that physical manifestations have obviously occured in $UJRSHFWHQLUUDGLUUDGLDQV 
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Fig.2 The section of gill of Argopecten irradirradians (initial 
sample )  
Fig.3 The section of digestive diverticula of Argopecten 
irradirradians (initial sample ) 
  

Fig.4 The section of gill of Argopecten irradirradians 
(SS=4500mg.L-1)
Fig.5 The section of digestive diverticula of Argopecten 
irradirradian s(SS=4500mg.L-1) 
 
2.2 The accumulative effect of heavy metals  
After experiment, the tested shellfishes and their original samples were analysis for the content of Cu, 
Cd, Pb, Zn and Hg, and the accumulation levels of metal of different shellfishes were calculated. The 
accumulation rate (A), was calculated follow by formula (1), and the results were listed in Tab.2. 
A=(Ce-Cb)/Cb                                    (1) 
where, Ce reflects the content of a certain element in the shellfish after experiment, and Cb the content 
of the element in the shellfish before experiment.              
Tab 2 The accumulation rate of metal in the mollusks˄%˅ 
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Accumulation rate A˄%˅ 
Cu Pb 
Mesocosm 
Code 
Ruditapes 
philippinarum 
Argopecten 
irradirradians 
Crassostrea 
virginica 
Ruditapes 
philippinarum 
Argopecten 
irradirradians 
Crassostrea 
virginica 
DS01 28.8 63.5 30.5 116.4 745.5 132.7 
DS02 30.7 19.6 17.0 106.0 698.4 106.4 
DS03 21.6 60.1 18.6 100.2 732.5 60.0 
DS04 27.3 30.4 23.1 57.6 860.7 58.2 
DS05 23.1 31.8 29.5 37.4 742.9 53.6 
Accumulation rate A˄%˅ 
Zn Cd 
Mesocosm 
Code 
Ruditapes 
philippinarum 
Argopecten 
irradirradians 
Crassostrea 
virginica 
Ruditapes 
philippinarum 
Argopecten 
irradirradians 
Crassostrea 
virginica 
DS01 59.8 87.8 37.5 26.5 65.1 108.0 
DS02 51.2 55.8 30.4 21.9 9.4 77.6 
DS03 34.3 50.2 28.6 25.8 23.6 54.0 
DS04 15.0 51.6 24.1 19.4 49.1 45.6 
DS05 41.8 53.0 8.9 14.8 28.9 49.8 
Accumulation rate A˄%˅ 
Hg 
Mesocosm 
Code 
Ruditapes 
philippinarum 
Argopecten 
irradirradians 
Crassostrea 
virginica 
DS01 0.3 -26.9 27.0 
DS02 -12.0 -28.8 26.0 
DS03 -9.5 -17.7 3.9 
DS04 -16.3 -13.3 50.9 
DS05 -8.0 -19.9 14.3 
 
The results show that different shellfish has different accumulation capability. The accumulation rate 
of Pb is very high, especially in argopecten irradirradians (481.2%-860.7%), and is more distinct in high 
concentration mesocosm. The reason is that reaction may be easily occur between Pb and S2-, CO32-, and 
their products (PbS and PbCO3) are strongly absorbed to the suspended materials, and therefore were 
transferred to the shellfishes by filtering, and were accumulated in the shellfish by physiological 
metabolism. The accumulation rate of Pb in Argopecten irradirradians is higher than Ruditapes 
philippinarum and Crassostrea virginica, one of the reasons is the background values of Pb in is relative 
low in Argopecten irradirradians and they are widely feeding. The accumulation rate of Pb in shellfishes 
is relative high, the reason is that Cd is desorbed from the sediment during the dumping process, and the 
radius of Cd2+ and Ca2+ is approximate, therefore, Cd2+ may replace Ca2+ and be accumulated in the 
organism of shellfish. 
Zn and Cu are physiological essential element, and all of the tested shellfishes have certain ability to 
accumulate them. According to the previous research[7-9], Ostrea plicatula and Ruditapes philippinarum 
have relatively high accumulation ability to Zn and Cu. In this study, the accumulation rate of Zn and Cu 
in Argopecten irradirradians is highest, the reason might by that the background values of Zn and Cu in 
is relative low in Argopecten irradirradians. Further more, it has been reported that the accumulation 
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ability of Ostrea plicatula to Cu is inhibited in low Cu2+ concentration (<0.01 mg.L-1)[10]. However, 
concrete cause is pending for further studying. 
The accumulation ability of Hg in different shellfishes is very specific, Ruditapes philippinarum and 
Argopecten irradirradians appear to be eliminating, while Ostrea plicatula appear to be obviously 
accumulating, with a range of 3.9%-50.1%. At present, the accumulation mechanism of Hg is still unclear 
and unified, and is pending for further studying. 
It can conclude that the orders of the accumulation ability are as follows: Ruditapes philippinarum: Pb 
> Zn >Cd; Argopecten irradirradians: Pb >Zn >Cu >Cd; Ostrea plicatula: Pb >Cd >Cu >Hg >Zn. 
3. Conclusions   
Dredged materials cause certain effects on marine organism, and  high concentration suspended 
materials (>500 mg.L-1) is especially able to cause certain damages to tissues and organs of shellfishes, 
such as the blood cells increase distinctly, epithelial cell's atrophy, lacuna’s enlargement, and many 
particulate matters exist on the surface of the epithelial cell. These damages are harmful to the 
reproduction and growth of shellfishes. 
The adsorption of heavy metal is aggravated during dumping process, which gives rise to the 
accumulation of heavy metal to shellfishes. The accumulation ability of different heavy metal is very 
specific, and Pb is the most preferential element, and the accumulation effect is very distinct. 
Ruditapes philippinarum and Argopecten irradirradians appear to be eliminating, while Ostrea 
plicatula appear to be obviously accumulating. The orders of the accumulation ability are as follows: 
Ruditapes philippinarum: Pb > Zn >Cd; Argopecten irradirradians: Pb >Zn >Cu >Cd; Ostrea plicatula: Pb 
>Cd >Cu >Hg >Zn. 
This study is completely based on field experiment, and the environmental factors are changeful, while 
we just study the short-term effects on shellfishes. However, the accumulation ability of shellfishes is 
highly related to the growth period and individual difference, meanwhile, the content of heavy metal in 
organism fluctuates in certain range. Therefore, when an environmental impact assessment of a sea area is 
carrying on, the characteristic of the environment and the background of the pollutants should be taken 
into account. 
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